There is increasing interest in outpatient shoulder arthroplasty (SA); however, the clinical evidence behind this practice is sparse. The purpose of this study was to assess the safety of outpatient SA performed in an ambulatory surgery center and to determine patient factors that are associated with increased risk for perioperative complications or dissatisfaction. Methods: Patient demographics and operative variables were collected retrospectively for patients undergoing outpatient SA at 2 ambulatory surgery centers with a minimum follow-up of 90 days. Patients completed a postsurgery questionnaire about their experience, satisfaction, pain control, and health care use. Results: Forty-one anatomic total SAs (n = 32) and reverse SAs (n = 9) with a mean follow-up of 60 weeks (16.4 weeks-3 years) were included. The mean age, body mass index, Charlson Comorbidity Index, and American Society of Anesthesiologists class were 60.6 ± 4.8 years, 31.8 ± 6.6, 2.9 ± 1.9, and 2.3 ± 0.6, respectively. Three (7.3%) minor complications occurred within 90 days of the SA, none before first followup. Two patients stayed in the ambulatory surgery center 23-hour observation unit. Thirty-five patients (85.4%) completed the questionnaire, of whom 97.0% (n = 32) were satisfied with the outpatient procedure. Two patients had difficulties with postoperative pain control and were taking chronic narcotic medication before surgery. Conclusion: Outpatient SA in an ambulatory surgery center is safe with high patient satisfaction and low rates of perioperative complications. Although larger cohorts are required to adequately determine which patients will be appropriate candidates for an outpatient SA, our findings do suggest that patients with a history of preoperative narcotic use may have difficulties or dissatisfaction with outpatient SA. Total shoulder arthroplasty (TSA) is an excellent operation to address pain relief and to provide functional improvement for patients limited by glenohumeral arthritis who have failed to respond to conservative measures. 18 The number of TSAs performed in the United States is growing rapidly, 9,17 and patient demand is increasing substantially in the last 4 decades, with an average increase in volume of TSA of 9.4% per year. 1, 9 In an age of cost-conscious health care, this has substantial implications for overall health care expenditures, including a focused attempt by health care providers to minimize costs while maintaining safety and efficacy. In particular, policymakers and hospitals are frequently looking at length of stay (LOS) after surgery as an area of focus for improvement, with recent interest in outpatient TSA. 21 According to an insurancebased database, outpatient TSA results in a $3614 cost reduction compared with matched inpatients.
Total shoulder arthroplasty (TSA) is an excellent operation to address pain relief and to provide functional improvement for patients limited by glenohumeral arthritis who have failed to respond to conservative measures. 18 The number of TSAs performed in the United States is growing rapidly, 9, 17 and patient demand is increasing substantially in the last 4 decades, with an average increase in volume of TSA of 9.4% per year. 1, 9 In an age of cost-conscious health care, this has substantial implications for overall health care expenditures, including a focused attempt by health care providers to minimize costs while maintaining safety and efficacy. In particular, policymakers and hospitals are frequently looking at length of stay (LOS) after surgery as an area of focus for improvement, with recent interest in outpatient TSA. 21 According to an insurancebased database, outpatient TSA results in a $3614 cost reduction compared with matched inpatients. 7 In the hip and knee arthroplasty literature, numerous studies have evaluated the success of outpatient procedures (LOS of 0 days) and have suggested specific eligibility criteria and perioperative analgesia protocols to permit success. 3, 8, 13, 20, 23, [28] [29] [30] However, ambulatory shoulder arthroplasty (SA) is in its relative infancy, and publications delineating the results of this practice are lacking or involve only a small cohort of patients. 6 The purpose of this study was to retrospectively evaluate the safety and satisfaction of outpatient SA at 2 separate ambulatory surgery centers. Specifically, our intention was to report demographic variables of those patients selected by the senior surgeon to undergo ambulatory surgery; readmissions, complications, and unscheduled postoperative clinical visits within 90 days of the procedure; and results from an administered questionnaire meant to assess readiness for discharge and satisfaction with the overall experience. Our hypothesis was that outpatient SA would be offered to healthier and younger patients, that it demonstrated safety with a low complication profile, and that patients would generally be satisfied with their experience.
Methods
We conducted a retrospective chart review and telephone questionnaire of patients who underwent an outpatient primary anatomic TSA or reverse TSA (RTSA) at 2 ambulatory surgery centers from August 2013 to July 2016. The ambulatory surgery centers have the capacity for 23-hour observation, are physician owned, and are managed by a national surgery center corporation. Exclusions included revision procedures, hemiarthroplasties, and SA performed for fracture. After exclusion criteria were applied, consecutive patients were included. We obtained consent by telephone, at which time patients were also asked a series of questions about their experience with outpatient SA. We believe a telephone interview is sufficient for the purpose of safety and satisfaction as opposed to direct examination. In addition, to decrease the likelihood of missing early postoperative complications, patients with at least 90 days of follow-up were included. The chart review portion of this study examined all available documents in the medical record, including demographic information, past medical history, past surgical history, medication history, intraoperative anesthesia records, and postanesthesia care unit (PACU) records.
The senior authors selected patients for outpatient procedures on the basis of past medical history and active comorbidities. The following were exclusion criteria for outpatient procedures: renal disease, chronic obstructive pulmonary disease, active thromboembolic disease, active or untreated coronary artery disease, and untreated sleep apnea. A prior coronary or cerebrovascular event, if treated and stable, was not an absolute exclusion criterion. Active and untreated disease, however, was a strict exclusion criterion for outpatient SA. Furthermore, medical specialists cleared all patients for the outpatient procedures. Perioperatively, an anesthetist administered an ultrasound-guided, single-injection interscalene block augmented with epinephrine and dexamethasone to all patients, and general anesthesia was used for all patients intraoperatively. Two senior authors (B.F. and J.H.) performed all outpatient SAs at 2 separate ambulatory surgery centers. All used the deltopectoral interval and followed the implant-specific technique guidelines. One surgeon routinely administered tranexamic acid (TXA) perioperatively (n = 21) by intravenous or topical routes, whereas the other surgeon did not use TXA (n = 20). Patients with a history of a stent, stroke, transient ischemic attack, deep venous thrombosis, pulmonary embolism, or color blindness received topical TXA. In addition, all patients received standardized postoperative pain management (Table I) . Before proceeding with an outpatient TSA, confirmation of an available, reliable caregiver in the home was a requisite.
Results
A total of 41 outpatient primary anatomic TSA procedures (32) or RTSA procedures (9) were reviewed from August 2013 to July 2016. Of all the SAs performed at the 2 ambulatory surgery centers, only 2 patients (5%) were excluded from this study. One patient was excluded for a hemiarthroplasty revised to a TSA and another for an RTSA for a proximal humerus fracture. Comparison of the patient demographics and surgical data of these anatomic TSAs and RTSAs revealed no significant differences (Appendix). The mean age of the patients was 60.6 ± 4.8 years (range, 46.1-68.5 years); 46.3% (n = 19) were male. The mean body mass index (BMI) was 31.9 ± 6.6; 24 (58.5%) patients had a BMI >30; 14 (34.1%) patients had a BMI >35. The mean Charlson Comorbidity Index was 2.9 ± 1.9, and the mean American Society of Anesthesiologists (ASA) class was 2.3 ± 0.6. The mean follow-up was 60.3 weeks (25.5 weeks in clinic and 63.5 weeks by telephone) (Table II) ; 35 of the 41 (85.4%) patients were able to complete a phone questionnaire between September 2016 and November 2016.
Indications, surgical time, and recovery time in the PACU before discharge can be found in Table III . There were no intraoperative complications. One surgeon used TXA routinely and the other surgeon did not, but the differences in blood loss at the 2 centers (with TXA, mean of 103 ± 53 mL; without TXA, mean of 84.3 ± 52 mL) were not significant (P = .21). Two patients originally destined for same-day discharge required overnight observation in the 23-hour observation unit at the ambulatory surgery center. One of these patients decided to stay overnight for the convenience of the caregiver, despite being medically cleared for home discharge. The second patient developed hypoxia postoperatively, and the surgeon made the decision for overnight observation. After discharge home, no patients saw an additional health care provider for complaints related to the SA before the first postoperative visit, which was a mean of 10 ± 3 days after the index outpatient SA. Overall, there were 3 postoperative complications (7.3%): 1 patient was sent to an urgent care facility at the first postoperative visit (10 days postoperatively) for an erythematous papular rash on the involved upper extremity; a second patient presented with superficial phlebitis at the first postoperative visit, resolving with conservative treatment; and the third patient developed a hematoma at the medial aspect of the incision 17 days after operation, which resolved after 1 month and required no surgical intervention.
A total of 35 of 41 patients (85.4%) completed the telephone questionnaire. For consistency, 1 individual administered all questionnaires. Regarding readiness for discharge, 94.3% (n = 33) felt ready, whereas 5.7% (n = 2) felt that they needed to stay overnight. When the patients were asked if they would have the procedure again as an outpatient, the same 2 patients (5.7%) who did not feel ready for discharge stated they would not. Interestingly, these 2 patients were taking narcotics preoperatively and postoperatively for chronic pain because of an unrelated medical condition. One patient took morphine 60 mg every 8 hours; the other patient took oxycodone 7.5 mg every 6 hours. Of note, 6 other patients were taking narcotics preoperatively related to pain associated with the shoulder arthritis but discontinued narcotics in the postoperative period. Overall, 81.8% (n = 27) said their SA experience as an outpatient was excellent, and 84.9% (n = 28) were very satisfied with the SA performed on an outpatient basis. The complete responses to the questionnaire are listed in Table IV .
Discussion
Overall, this study demonstrates that outpatient SA is safe and results in a high degree of patient satisfaction. Across the entire cohort, no patients required medical attention between discharge and the first postoperative visit at a mean of 10 days, although one patient required attention at an urgent care facility after the first postoperative visit. In addition, only 1 patient (2.4%) was held at the ambulatory surgery center for overnight observation for a medical reason, and 2 patients were dissatisfied with their experience and would not have a future SA done in the outpatient setting. In reviewing the medical records for these 2 individuals, both were noted to be using narcotics preoperatively for unrelated conditions, and both were the only patients who did not cease narcotic use postoperatively. Not only do these findings stem from the largest clinical study on outpatient SA to date, they offer support for SA to be done in the outpatient setting and provide insight into how chronic preoperative narcotic use may potentially influence patient satisfaction after SA in the outpatient setting.
Recent literature suggests that the average inpatient TSA results in a duration of stay of 2.2 days. 10 This is an obvious point in the TSA process that can be modified with the potential for substantial health care cost savings. However, this must be accomplished without compromising patient safety to maintain the effects of the intervention and to avoid morbidity that may lead to readmissions or repeated intervention that would otherwise counteract the initial cost savings. Ambulatory total hip arthroplasty and total knee arthroplasty have been performed for more than a decade now, and there is an appreciable track record to suggest that appropriately selected patients do not have any increased risks for complications or readmission compared with their inpatient surgery counterparts.
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The literature is far less extensive when evaluating ambulatory SA, however. Leroux et al recently published a population-based study comparing adverse event and readmission rates between outpatient and inpatient TSA. 22 Their results suggested that an appropriately selected patient could safely undergo outpatient TSA with an expected risk profile that is comparable to standard inpatient TSA, but with lower costs. In their analysis, the 30-day adverse event rate in the outpatient and inpatient TSA cohorts was 2.31% and 7.89%, respectively, with readmission rates of 1.74% and 2.93%, respectively. They acknowledge that there was a bias toward performing outpatient TSA in younger, healthier male patients. This reflects the importance of proper selection of patients for outpatient arthroplasty procedures as being integral to successful outcomes. The senior surgeons chose patients who were relatively young (mean age, 60.6 years) and healthy (mean ASA grade, 2.3; mean Charlson Comorbidity Index, 2.9), reflecting the available data suggesting that active comorbid cardiac disease, renal failure, chronic pulmonary disease, ASA class >3, and increasing chronologic age are independent predictors of length of hospital stay, readmission, or mortality after elective TSA in any setting. 24, 25, 33, 34 A recent study by Brolin et al compared the 90-day complications and rates of readmission after outpatient TSA with a matched TSA, total shoulder arthroplasty. Data are presented as % (number) or mean ± standard deviation. * Patients removed from calculation who were currently taking pain medication chronically for other conditions. Includes 1 outlier of 90 days.
† Patients who stayed overnight after the operation were excluded from answering these questions; n = 33. inpatient cohort. 6 Their analysis of 30 outpatient TSAs did not reveal any significant differences in readmissions or number of complications compared with the inpatient cohort. Similar to our study, no hospital admissions from the ambulatory surgery center occurred. Although their study included only anatomic TSAs, our study has further demonstrated the safety of anatomic TSAs in addition to RTSAs in the outpatient setting. Furthermore, telephone followup in this study demonstrated a high patient satisfaction with this procedure performed on an outpatient basis.
Adequate pain control perioperatively may have contributed to the high satisfaction and patient comfort with discharge on the day of surgery. The anesthesia literature has demonstrated success with outpatient SA in terms of postoperative analgesia, nausea and vomiting, and patient satisfaction using either continuous or singleinjection interscalene brachial plexus blocks; authors have noted high satisfaction scores and low pain scores at 24 hours and 7 days postoperatively using this means of anesthesia. 11, 16, 31 All of our patients received interscalene blocks at the time of surgery, and thus our recommendation would similarly propose this means of local anesthesia for all patients who undergo outpatient TSA.
The 2 patients (5.7%) who would rather have a future TSA as an inpatient procedure were the only patients who felt their pain was not well controlled overnight. Interestingly, these 2 patients were taking narcotics for unrelated medical conditions and continued use postoperatively. Six other patients in this cohort were taking narcotics for the index shoulder at the time of surgery but ceased shortly thereafter. Recent investigations of narcotic consumption in spine surgery and total joint arthroplasty show an association with increased complications and LOS. 4, 32, 36 Although the association of narcotic use with complications and LOS after SA has not been assessed to date, preoperative narcotic use is associated with worse outcomes in both anatomic TSA and RTSA. 26, 27 It would be expected for this relationship with complications and LOS to exist with SA, especially in considering outpatient procedures. Even though this cohort is relatively small, we recommend being cognizant of chronic narcotic use when considering patients for an outpatient SA as their pain may not be adequately controlled. Use of additional pain management, such as patient-controlled catheter systems, may be beneficial in this subset of patients.
Recent data suggest that no association exists between BMI and 30-day complications after primary TSA surgery, 18 although this was not specific to ambulatory surgery. Our average BMI of 31.9 (obesity class I) 35 with a maximum patient BMI of 47.4 would seem to corroborate these findings with outpatient TSA, as these patients did not experience any adverse events. However, future study is needed to determine complication rates with an adequate cohort of patients as we were likely underpowered in this regard. Obesity has been shown to correlate with increased surgical times, however, and operative time >174 minutes has been demonstrated as an independent predictor for the development of a major local complication after elective TSA. 18, 33 In our cohort of patients, the mean operative time was 101 minutes (range, 63-165 minutes), which is well below the suggested threshold for concern from the literature and suggestive that factors related to the speed and comfort level of the surgeon may play a role in determining which patients of greater BMI are appropriate for outpatient vs. inpatient SA. A more indepth analysis of obesity and outpatient SA is necessary from a larger sample, but our data provide an initial proposition that BMI should not be a contraindication to outpatient SA surgery.
Additional to note is the importance of the relatively low intraoperative blood loss (mean, 97.6 mL) with these included patients. Anthony et al reported from a database study of TSA that the most common complication was bleeding resulting in transfusion, representing 4.26% of this patient population. 2 Moreover, a singlecenter, single-surgeon study reported a transfusion rate of 38% in primary, noncomplex SA. 15 Given the morbidity associated with transfusion, 14 intraoperative hemostasis is an important component to a successful ambulatory SA practice. Similar to total knee arthroplasty and total hip arthroplasty, TXA has been shown to reduce blood loss without additional complications in SA. 12 Although no difference in blood loss was found between the 2 cohorts in our study, the sample size likely underpowers this study to detect a difference in blood loss for the use of TXA. Thus, routine TXA may be a potential avenue to reduce complications in the outpatient setting.
Successful outpatient SA requires adequate staff planning and communication among caregivers. After proper selection of patients for safe outpatient SA, adequate time should be allowed for recovery before discharge. In this study, the time in the PACU was 144.5 ± 49.3 minutes, and the average time at discharge was 1:46 pm. With the high satisfaction, the authors thus recommend scheduling outpatient SAs as morning cases to ensure recovery for early afternoon discharge.
Our study is not without limitations. First, it is a retrospective collection of data. The sample size is small, although with the literature relatively devoid of case series on this topic, our cohort provides a relatively sizable contribution to the overall SA and health care expenditure literature. In addition, there is some heterogeneity in the patient population-in the pathologic process, procedure, and implant choice, all of which were evaluated as a single cohort as the small cohort size limited subgroup analysis stratified by these individual variables. The results are provided at an average followup of 60.3 ± 45.2 weeks, which is a relatively short follow-up after an arthroplasty procedure but effectively provides patient safety with outpatient SA well beyond the initial perioperative window and thus serves the intended purpose for this study. In a similar vein, future evaluation of such outcomes will be an effective complement to this study. Finally, a selection bias exists in the patients who underwent outpatient SA in our cohort as they were predominantly young and relatively healthy, which again is inherent to the clinical importance of proper selection of patients. As such, future efforts are necessary to determine more definitively which patients are at greatest and least risk for complications or readmissions after ambulatory SA.
Conclusion
Outpatient SA in an ambulatory surgery center is safe, with high patient satisfaction and low rate of perioperative complications. Although larger cohorts are required to adequately determine which patients will be appropriate candidates for an outpatient SA, our findings do suggest that patients with a history of chronic narcotic pain medication use may have difficulties or dissatisfaction with outpatient SA.
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